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Abstract
The World Health Organization promotes salt reduction as a best-buy strategy to reduce chronic diseases, and
member states have agreed to a 30 % reduction target in mean population salt intake by 2025. This systematic
literature review identified a number of innovative population-level strategies, including promotion of a
substitute for table salt, provision of a salt spoon to lower the amount used in home cooking and social
marketing and consumer awareness campaigns on salt and health. In high-income nations, engagement with
the food industry to encourage reformulation of processed foods-whether through voluntary or mandatory
approaches-is key to salt reduction. Legislation of salt content in foods, although not widely adopted, can
create concrete incentives and disincentives to meet targets and does not rely on individuals to change their
behaviour. The important role of advocacy and lobbying to change the food supply is undisputed.
Disciplines
Medicine and Health Sciences | Social and Behavioral Sciences
Publication Details
Charlton, K. E., Langford, K. & Kaldor, J. (2015). Innovative and collaborative strategies to reduce
population-wide sodium intake. Current Nutrition Reports, 4 (4), 279-289.



























The  World  Health  Organization  promotes  salt  reduction  as  a  best‐buy  strategy  to  reduce 
chronic diseases, and member states have agreed to a 30% reduction target in mean population 
salt  intake  by  2025.  This  systematic  literature  review  identified  a  number  of  innovative 
population‐level strategies, including promotion of a substitute for table salt, provision of a salt 
spoon  to  lower  the  amount  used  in  home  cooking,  and  social  marketing  and  consumer 
awareness  campaigns on  salt and health.  In high‐income nations, engagement with  the  food 











dependence  on  the  seasonal  availability  of  food  and  allowed  transport  of  food  over  long 
distances,  thus  facilitating  food  trade. However,  salt was  difficult  to obtain,  and  so  it was  a 
highly valued trade  item. The  invention of refrigeration  in 1876 meant that salt was no  longer 
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relied  upon  as  a  preservative  but  its  intake  nevertheless  continued  to  rise.  Today,  salt  is 
ubiquitous in the food supply because it is a cheap condiment and food ingredient [1].  







individuals  with  blood  pressure  levels  below  140/90  mmHg  [2].  Such  individuals  are  not 
typically  considered  to  be  at  risk  of  blood  pressure‐related  diseases  and  are  not  prescribed 
blood pressure  lowering medications  [2]. Because of  this, an  increasing number of  countries 
around the world are adopting population‐based salt reduction strategies [4]. WHO promotes 













practices.  For  example,  in  many  low‐to‐middle‐income  countries,  including  China,  a  large 
proportion of salt intake comes from discretionary sources (salt added to foods at the table or 
during  cooking).  In  those  settings  the  use of  salt  substitutes,  accompanied with behavioural 
interventions, may be appropriate. On the other hand, in most high‐income countries, including 
Australia, UK and USA,  the majority of  salt  comes  from processed  foods.  In  those  countries, 
reformulation  is  required  to  change  the  food  supply,  either  through  voluntary  industry  co‐
operation,  or  through  mandatory  mechanisms  [4,  10].  Efforts  of  advocacy  groups  have 
contributed  to  the widespread uptake of salt  reduction efforts around  the globe.   The World 
Action  on  Salt  and  Health  (WASH)  has members  from  80  different  countries  who  work  to 
pressure multi‐national food companies to reduce the salt content of their products [11]. 
In the USA, it has been estimated that a regulatory intervention designed to reduce salt intake 
by  three grams/day would save 194,000  to 392,000 quality‐adjusted  life‐years and $10  to 24 
billion in healthcare costs annually, and be more cost‐effective than medications to lower BP in 
all persons with hypertension [12].   
While there  is  little doubt that excessive  intakes of salt are harmful to health, the question of 
whether  very  low  intakes may  also be detrimental has not been widely  addressed.  There  is 
currently  fierce debate  regarding  the optimal  recommended  intake  for  salt, as highlighted  in 
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recent  commentaries  on  the  topic  [13,  14]. WHO  recommends  a maximum  population‐level 
target of 5g per day  (2000mg Na)  [9] and  this  is  the value  that 38 countries have adopted as 
their national  targets  [15].  In  the US,  the most  recent  Institute of Medicine  (IOM)  report on 
sodium  recommendations  [16]  indicates  that  their  earlier  recommendation  to  lower 
population‐level  sodium  intakes  to  below  2300  mg/d  [17]  is  no  longer  supported  by  the 
evidence. Two population‐based studies report risk of both CVD and mortality follow U‐shaped 
curves  relative  to  sodium  intake, with  risk of mortality  and CVD  rising  both  as  intakes  drop 





the  lack of  intervention  studies of  sufficient duration  that  include hard endpoints  (e.g. CVD, 
stroke, mortality) hampers efforts in this regard.  
The  Global  Burden  of  Disease  2010  study  [22]  estimated  the mean  level  of  global  sodium 






are  excessive  [4],  and  thus  salt  reduction  strategies  are  essential  to  lower  intakes  of 
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Articles  published  in  peer‐reviewed  journals  between  January  2000  and March  2014  were 
included  in  this  review.  Eligible  studies  involved  strategies  or  interventions  aimed  at  a 
population  level with the aim of reducing dietary salt  intake. Articles addressing protocols for 
the  implementation  of  a  strategy were  included,  as well  as  dietary modelling  to  assess  the 
















community, Peru,  to assess  impact on blood pressure over  six months. The  intervention was 
planned to commence  in March 2014, and the results are yet to be published. Li et al  (2007) 
[24]  and  Zhou  et  al  (2013)  [25]  carried  out  double‐blinded  randomized  controlled  trials  to 
determine  the  effects  of  a  salt  substitute  on  blood  pressure  in  Chinese  populations.  Both 
studies  used  the  same  salt  substitute  (composed  of  65%  sodium  chloride,  25%  potassium 
chloride  and  10%  magnesium  sulphate).  Systolic  blood  pressure  in  those  with  high  blood 
pressure was  reduced  in both  interventions over a 12 month period by a magnitude of 4‐5.4 
mmHg (Table 1). No change in diastolic blood pressure was observed. Fulgoni et al (2014) [26] 








Three of  the nine  identified studies  included strategies  that encouraged behaviour change  to 
reduce  sodium  intake  at  a population  level.  Land  et  al  (2014)  [27] developed  a  community‐
based  intervention  to mobilize community advocacy efforts and reduce  the salt  intake of  the 





made  available  to members  of  the  public  at  no  cost.  The  outcomes  of  the  intervention  (i.e 
change in 24‐hr urinary sodium excretion concentrations) have not yet been published.  A sub‐
sample  analysis  related  to  this  study  reported  no  clear  association  between  reported 




In  contrast  to  high‐income  countries, most  (76%)  dietary  sodium  in  China  is  added  during 
cooking [29]. In 2007‐08, the Chinese government sent Beijing citizens a ‘salt‐restriction’ spoon 
which held only 2g of  salt, as a  strategy  to encourage  reduced  salt use  in  cooking. The  salt‐
restriction spoon was designed to help people calculate the amount of salt that they used, and 
adjust measures accordingly  to meet  recommended  targets. For example, a  family with  four 




because  they  found  it  to be  inconvenient and  impractical  [30], and a 2011 survey  found  that 
only 17% of people were able to use the spoon correctly. Chen et al  (2007) [31] conducted a 











front‐of‐pack  and  mandatory  nutrition  information  panel  on  the  back‐of‐pack,  or  to  the 
nutrition  information panel alone. This study suggests that front‐of‐pack  labelling could be an 
effective public health  intervention  to help  reduce population‐wide  sodium  intake. However, 
this study asked consumers to indicate which labelled, fictitious product they would purchase if 







Action  on  Salt  and  Health  (AWASH)  launched  a  campaign  to  encourage  the  Australian 
government to take action to reduce population salt intake. Webster et al (2014) [33] evaluated 
the  effectiveness  of  the  campaign  on  government  policy.  The  campaign was  deemed  to  be 
successful because  it generated  intensive media coverage on salt reduction. It also resulted  in 
commitment from the federal government (Food Regulation Standing Committee) on the need 
for policy and action, as evidenced by a $AUD 1.6 million NHMRC Partnership Project awarded 
to  the George  Institute  for Global Public Health  for monitoring sodium consumption patterns 
and policy development.  Importantly,  in March 2009  the Food and Health Dialogue  initiative 
was established. The Dialogue brings together representatives from the federal health ministry, 
the  food  industry  (including  the  quick  service  restaurants  and  supermarket  sectors),  non‐
governmental  organizations  (National  Heart  Foundation  of  Australia  and  the  Public  Health 
Association of Australia), academia and the national  food regulator  (Food Standards Australia 
New  Zealand).  The  Dialogue’s  primary  activity  is  action  on  food  innovation,  including  a 
voluntary reformulation program across a range of commonly consumed  foods. This program 
aims to reduce the sodium, saturated fat, added sugar and total energy content of processed 
foods  across  nominated  categories,  whilst  increasing  their  fibre,  wholegrain  and  fruit  and 
vegetable content. Voluntary reformulation targets were set at levels that recognized technical 
and  safety  constraints.  The  Dialogue’s  reformulation  program  was  to  be  supported  by 
consumer education activities around  reducing and  standardising portion  sizes, and enabling 
healthier  food choices. However, despite highly credible goals, an evaluation of  the  first  four 
years  of  the  Dialogue  showed  disappointing  outcomes  [34].  The  public‐private  partnership 
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In  the UK,  Shankar  et  al  (2013)  evaluated  the  effectiveness of  the  Food  Standards Agency’s 
(FSA) famous “Sid the Slug” campaign, launched in 2004 [35]. The multimedia campaign aimed 
to raise awareness that salt was bad for health, based on the premise that salt kills slugs, and 
can  harm  humans  too  [36].  Social  marketing  involved  advertising  billboards,  television 












is  estimated  to  save  approximately  8000  lives  annually  [38].  Even more  recent  work  on  the 
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campaign’s  outcome  evaluation  has  demonstrated  successful  parallel  reductions  in  blood 




burden of NCDs, particularly hypertension, heart disease and  stroke. A  systematic  review on 











Twenty‐nine  countries  have  reported  an  impact  in  relation  to  one  or  more  outcome 
measurements,  whether  on  population  salt  consumption,  salt  levels  in  foods  or  consumer 
awareness. There has been a notable move  towards  legislation on permitted  levels of  salt  in 
food categories  (discussed  further below) but  these approaches have not yet been evaluated 






Our current review has  identified existing novel and  innovative population‐level strategies.  In 
high‐income countries, dietary salt comes primarily from processed foods and cannot be easily 
replaced  with  a  salt  substitute.  However,  in  low‐to‐middle‐income  countries  where  most 
dietary  salt  comes  from  food  cooked  in  the  home,  large  blood  pressure  reductions may  be 
achievable with the use of a salt substitute. Although the salt substitutes cost about 50% more 
than  normal  salt,  they  remain  a  low‐cost  commodity  and  an  effective  complement  to  drug 





parts  of  China.    While  replacement  of  table  salt  with  salt  substitutes  involves  individual 
behavior changes, where promoted and subsidized by governments it could also be considered 
a population‐level strategy.   
Little  is  known  about  the  consumer  acceptability  of  salt  substitutes,  despite  this  being  a 
potential barrier that may adversely  impact on the sustainability of programs that rely on the 




substitute,  to hypertensive patients  from disadvantaged backgrounds,  reported  that  those  in 
the intervention group expressed a dislike of the salt substitute [44]. Reports in the literature of 





In  low‐to‐middle‐income  countries,  public  health  campaigns  are  needed  to  encourage 
consumers  to  use  less  salt.  A  ‘salt‐restriction’  spoon  that  was  provided  by  the  Chinese 
government  to  Beijing  citizens  has  proven  effective  at  reducing  salt  used  in  cooking  and 
resulted in lowered 24hr urinary sodium excretion [31].  
On the other hand, in high‐income countries, around 80% of salt intake can be attributed to salt 
added by  the  food  industry.  It  is  therefore essential  to persuade  the  food  industry  to make 
gradual and sustained reductions in the amount of salt they add to their food products [11, 23]. 
While this approach has been well described [15, 47], there  is still debate regarding the most 
effective way  to  engage  the  co‐operation of  the  food  industry. Advocacy  activities  by  lobby 
groups,  such  as WASH,  have  been  demonstrated  to  be  key  in  this  regard  [33,  34]  and  the 






reported  successes  with  regard  to  meeting  sodium  reduction  targets  for  the  first  three 
categories of  food, namely breads,  ready‐to‐eat breakfast  cereals and processed meats  [48]. 
Sodium  levels of 1849 relevant packaged foods significantly declined between 2010 and 2013. 
The mean sodium level of bread products fell from 454 to 415 mg/100 g (9% lower, p < 0.001), 
and  the  proportion  reaching  target  rose  from  42%  to  67%  (p  <  0.005).  The mean  sodium 
content of breakfast cereals also fell substantially, from 316 to 237 mg/100 g (25%  lower, p < 
0.001), over the study period. The decline in mean sodium content of bacon/ham/cured meats 
was  lower  (8%; p = 0.001), but  the number of products meeting  the sodium  target  increased 
from  28%  to  47%.  Interestingly,  declines  in mean  sodium  content  did not  appreciably  differ 
between  companies  that  did  and  did  not  make  public  commitments  to  the  targets.  The 
evaluation highlighted two important findings. Firstly, for food categories with defined sodium 
targets, reasonable progress was made by the food  industry. Secondly, the  large disparities  in 
the  pace  of  sodium  reduction  between  food  manufacturers  suggests  a  need  for  stronger 
enforcement mechanisms.   












Social marketing  techniques, combined with nutrition education  including  food based dietary 
guidelines,    as  summarized  in  Table  2,  have  been  used  in  a  number  of  countries  to  assist 
consumers to make healthier food choices. The use of simple nutrition labels on food products 
supports the rapid decision‐making that typically occurs in the supermarket environment. One 
observation  study  in  the UK  found  consumers  spend  an  average of  29  seconds  per  product 
bought, and 31.8% of consumers were noted not to have  looked at the product  in detail [32]. 
This  suggests  that consumers  rely on habitual behaviours when choosing products, and even 
knowledgeable consumers may not use nutrition  labels when  time pressured  [32]. Therefore 
simple labels which place fewer demands on consumers’ numeracy and background knowledge, 
such as the traffic light system, have proven more likely to promote healthy food choices [32]. 
Given  this  paper’s  focus  on  population‐level  strategies  for  dietary  salt  intake,  it  is  also 




The  power  of  legal  and  regulatory  interventions  lies  in  their  ability  to  modify  the  “mass 
influences”  on  population  health,  and  the  “underlying  causes”  of  disease  [52].  Unlike 
behaviour‐change  and  education‐based  interventions, which  act  on  individuals,  laws  for  the 
prevention  of  diet‐related NCDs  tend  to  act  on  corporate  or  institutional  actors.  Such  laws 
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might,  for  instance,  limit  junk  food  advertising  or  mandate  the  disclosure  of  nutritional 
information [53].   
Laws mandating  salt  reduction  in  processed  foods  are  now  emerging  as  an  alternative  to 
voluntary or industry‐led salt reduction. Thirteen national jurisdictions currently regulate salt in 
bread  and  a  handful  of  other  foods  –  e.g.  Greece  regulates  the  salt  content  of  bread  and 
processed  tomato  products  [47].  In  2013,  South  Africa  and  Argentina  became  the  first 
jurisdictions to  introduce mandatory salt  limits across a broad range of commonly consumed, 







initial financial cost to  industry.  In the absence of a  level playing field, “more enlightened and 
progressive  companies”  [55]  may  be  penalised  for  taking  on  the  commercial  risk  of 
reformulation. Evidence from Australia demonstrates uneven progress made by manufacturers 
in the absence of strong regulatory requirements [48]. While a level playing field is achievable 
without  government  regulation  [56],  this  requires  a  high  level  of  industry  engagement  and 
motivation, and may not be appropriate  in all settings. Particularly  in  low‐and‐middle‐income 
settings,  or where  the  food  industry  is made  up  of  disparate,  smaller  players,  government 
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regulation  can  help  to  ensure  that  companies who  reduce  salt  in  their  products  do  not  act 
alone. 
Law can create concrete incentives and disincentives to meet targets 




better  label  [58].  Food  labelling  generally  falls under  the mandate of  regulatory bodies  that 
stipulate  formatting and  content  requirements on  food packaging. Currently, many  countries 
mandate the back‐of‐pack nutrition information panel, but very few mandate front‐of‐pack, or 
interpretative  labelling.  Instead,  in many  countries  the  food  industry  has  adopted  voluntary 
front‐of‐pack  labelling. An example of  this  is  “Daily  Intake Guide”  thumbnail  tabs,  commonly 
used on breakfast cereal packaging, that expresses the contribution of a serve of the product to 
recommended  daily  nutrient  targets  (%  DI  for  sodium,  for  example).  This  may  confuse 
consumers, as the value is expressed as a proportion of the maximum recommended target and 
appears  concurrently  with  the  nutritional  information  panel  [58].  As  with  product 
reformulation, implementation of effective front‐of‐pack labelling for sodium is likely to benefit 
from consistent government rules that ensure that all packaged products carry such labels.  
Government  involvement  in  setting  and  enforcing  salt  reduction  goals  can  also  have  the 
advantage  of  responsiveness:  starting  from  a  self‐  or  co‐regulatory  base,  governments  can 





As  highlighted  above,  in  settings where  high  salt  consumption  is  due  to  the  salt  content  of 
processed  foods,  behaviour  change  interventions  are  unlikely  to  be  appropriate.  Salt  in 
processed foods  is analogous to Geoffrey Rose’s “mass  influences” on population health –  i.e. 
factors over which individuals have little control. Legal interventions can change the underlying 
conditions  in which  food  choices are made,  rather  than  relying on  individuals’ motivation  to 
change [60]. Measures such as taxation (as is being trialled in Hungary and Portugal) or import 
controls  (as has been proposed  in Pacific  Island countries  [61, 62]) on salty  foods can help to 




The current  review  identified a number of novel and  innovative approaches  to salt  reduction 
that include the introduction of a salt substitute  in place of table salt in Chinese communities, 
and the provision of a specially adapted salt spoon used for cooking in Beijing province. In high‐
income  countries, engagement with  the  food  industry  to  reformulate processed  foods  is  the 
main  goal.  Signposting  and  front‐of‐pack  labels  enable  consumers  to  make  healthier  food 













































































































































































































































 Reference Bernabe-Ortiz et al. [22] Li et al. [23] Zhou et al. [24] Fulgoni et al. [25••] 
 Type of study 
Protocol for implementation 
(stepped wedged design) 
Double-blinded RCT Double-blinded RCT 
Dietary modelling survey 
and potential impact 
assessment 
 NHMRC level of 
evidence 
III-2 II II IV 
 Strategy Salt substitution Salt substitution Salt substitution Salt substitution 
 Population 
Adults from six randomly 
selected villages in Tumbes, 
Peru. 
Adults with high blood pressure 
in China 
Families in rural China 
US population (NHANES 
data 2007–2010) 
 Sample size (n) 300 per cluster 608 372 (182 families) 20,122 
 Method 
Salt replacements will 
progressively be implemented 
in each village for all 
individuals, bakeries, 
community kitchens, food 
vendors and restaurants for a 6-
month period 
Randomly assigned to either 
intervention or control group. 
The intervention group replaced 
their household salt with a salt 
substitute (65 % sodium 
chloride, 25 % potassium 
chloride and 10 % magnesium 
sulphate), and the control group 
replaced their household salt 
with normal salt for a period of 
12 months. 
Families randomly assigned to 
either intervention or control 
group. Intervention group 
replaced their normal salt with 
a salt substitute (65 % sodium 
chloride, 25 % potassium 
chloride and 10 % magnesium 
sulphate), and control group 
continued to use normal salt 
for a period of 2 years. 
Dietary modelling was 
used to outline potential 
impact of using SODA-
LO Microspheres salt 
reduction technology. 
SODA-LO is a sodium 
reduction ingredient that 
turns standard salt crystals 
into free-flowing, hollow 
salt microspheres that 
retain functionality and 
salt taste. 
 Comparator Reduction in BP Reduction in BP Reduction in BP 
Reduction of salt content 
in food 
 Outcome Results not yet published Systolic blood pressure reduced The mean overall difference If SODA-LO was used in 
by 5.4 mmHg at the 12-month 
period with the use of the salt 
substitute. No detectable effects 
on diastolic BP. 
between the intervention and 
control group in systolic and 
diastolic BP was a reduction of 
2 mmHg in normotensive 
subjects. Mean overall 
decrease of 4 mmHg in 
systolic BP was seen between 
the two groups for subjects 
with hypertension; diastolic 
BP was not affected by salt 
intake in this group. 
953 foods to reduce the 
sodium content by 20–
30 %, it is estimated that 
the sodium intake could be 
reduced by 185–323 mg or 
6.3–8.4 % depending upon 
age, gender and ethnicity. 
Behaviour change 
 Reference Land et al. [26] Chen et al. [29] McLean et al. [30]   
 Type of study 
Protocol for a community-






 NHMRC level of 
evidence 
III-3 III-2 IV   
 Strategy 
Advertising, education and salt 
substitution 
Salt-restriction spoon Food labelling   
 Population Lithgow, Australia 
Beijing, China. Local Chinese 
residents responsible for cooking 
New Zealand   




The 12-month intervention has 
five components: put salt 
reduction on the agenda of all 
health professionals and local 
government, community 
mobilization to reduce sodium 
intake, advertising the need to 
Intervention group received the 
improved salt restriction spoon 
and health education and were 
informed of their actual salt 
intake and 24-h urinary sodium 
excretion prior to the 
Conducted an anonymous 
online experiment in which 
subjects viewed images of 
different brands of baked 
beans with varied label formats 
and nutritional profiles. They 
were required to indicate 
  
reduce sodium intake through 
media, education on the 
importance and ways to reduce 
sodium intake and a salt 
substitute made available to the 
public and local bakeries at no 
cost. 
intervention commencing. 
The control group received no 
intervention. Intervention lasted 
for 6 months. 
which one they would 
purchase if shopping for this 
product. 
 Comparator 
24-h USE at baseline and 
follow-up 
Using rate and correct using rate 
of the salt restriction spoon, salt 
intake and 24-h USE 
Ability to distinguish between 
low- and high-sodium food 
products. 
  
 Outcome Results are yet to be published 
Daily salt intake decreased by 
1.42 g, and 24-h USE decreased 
by 34.84 mmol in the 
intervention group. In the control 
group, salt intake decreased by 
0.28 g and 24-h USE decreased 
by 33.65 mmol. Using rate and 
correct using rate of the spoon 
were significantly higher in the 
intervention group. 
Addition of front of pack 
labels increased subjects’ 
ability to distinguish between 
low- and high-sodium food 
products. 
Traffic light images facilitated 
healthier choices than the 
combination of PDI and NIP 
and the NIP alone. 
  
Advocacy campaigns 
 Reference Webster et al. [31••] Shankar et al. [33]     






    
 Evaluation 
Review of relevant State and 
Federal government statements 
and actions; interview of 13 
stakeholders 
Modelling using urinary sodium 
and sociodemographic data from 
the Health Survey for England 
(2003–2007) combined with 
food price information from the 
    
Expenditure and Food Survey 
 Strategy “Drop the Salt!” Campaign 
Food Standards Agency 
launched a salt reduction 
campaign in 2004 with a two-
pronged strategy 
- Awareness campaign using a 
series of advertisements such as 
“Sid the Slug” warning the 
public of the dangers of too 
much salt and the “full of it” and 
“talking foods” campaigns 
- Work with food industry to 
encourage food reformulation 




To encourage the Federal 
Government to make salt 
reduction a national health 
priority by developing and 
implementing a strategy to 
reduce salt intake in Australia 
Reduction in salt intake     
 Result 
- Media coverage 
- Food Regulation Standing 
Committee discussion on need 
for government action on salt 
reduction (2008) 
- Drop the Salt! Campaign 
acknowledged in government 
committee reports (2009) 
Within a year, the proportion of 
people expressing awareness of 
not exceeding a salt intake of 6 g 
a day increased from 6 to 34 %. 
Within a year of the launch, the 
salt content of processed foods 
sold in supermarkets dropped 
between 20 and 30 %. 
Approximately 10 % reduction 
    
- $AUD 1.6 million NHMRC 
Partnership Project awarded to 
the George Institute for salt 
reduction and policy 
development (2009) 
- The Food and Health 
Dialogue (FHD) focuses on 
establishing targets for salt 
(2009) 
in salt intake as a result of the 
campaign 
NHMRC level of evidence [21] 
RCT randomized controlled trial, BP blood pressure, 24-h USE 24-h urinary sodium excretion, PDI percentage daily intake, NIP nutrition 
information panel 
 
